A x-P slant stack algorithm is applied to shot point 16 of the 1986 PASSCAL Ouachita experiment to determine the optimal me-dimensional velocity structure. Several enhancements to a standard slant stack algorithm are used to image a one-dimensional velocity fimction from the shot point gathered data. Because only postcritical reflections and refractions are needed to image a velocity function, significant muting of precritical energy is perfonned, which reduces the effect of noise in calculating the stack. For data sets with long offsets, scaling the data by a factor equal to or greater than offset distance compensates for the effects of geometrical spreading and attenuation. This enhances imaging of the deeper regions of the velocity model and balances amplitudes across the shot point gather. Finally, ray parameter-depth images can have difficulty imaging higher velocities, since for higher velocities, a small change in ray parameter results in a large increment in velocity. This problem is overcome by slant stacking in equal increments of velocity instead of ray parameter. The enhanced slant stack algorithm is applied to shot point 16 of the 1986 PASSCAL Ouachita data set, which sufficienfiy satisfies the assumption of lateral homogeneity based on previous studies of the region. Other velocity models are found to be consistent with the envelope of velocity fimcfion imaged by the slant stack method. Maximum amplitudes on the x-P image are used as a constraint to delineate a more detailed velocity model. A seven-layer velocity model is derived for shot point 16 which is found to be similar to those of others who have studied the area. The top three layers are sedhnents associated with the gulf coastal plain, followed by a thick layer derived from sedimentation associated with the closing of the proto-Gulf of Mexico and the associated Ouachita orogeny. The determination of a more detailed velocity function from the envelope suggests somewhat higher velocities in the lower crustal layer than previous studies. However, given the one-dimensional assumptions of the method, as well as the signal to noise ratio of the data, the velocity envelope is the most important constraint on the velocity models and tectonic interpretation provided by this analysis.
INTRODUCTION
The x-P method is a robust procedure for determining one-dimensional velocities from common midpoint or common shot point seismic data. Some of the papers which describe the slant stack method include Phinney et Clayton and McMechan [1981] , which will be used in this study, linearly transforms the time-offset (T-X) wave field into the x-P domain, where x is intercept time and P is ray parameter. In order to obtain the velocity structure from the data, the x-P wave field is downward continued with a nonlinear stretch into the Z-P domain, where Z is depth. The velocity function is imaged in the Z-P wave field as the curve of maximum energy, or x curve. Several enhancements to the slant stack method of Clayton and McMechan [1981] The geotectonic history of the study area is long and complex. It involves Eocambrian rifting and the development of a passive margin during the early Paleozoic, followed subducfion and plate collision during the late Paleozoic. A second rifting event started in the Triassic, followed by passive margin development which has continued through the present [see Keller et al., 1989 ]. This study, along with those of Lutter et al. [ Plappert [1987] , have generally made assumptions concerning the number of layers in their models or velocity distribution within layers. Using the slant stack velocity analysis, the primary assumption about the velocity structure is that the region to be imaged is laterally homogeneous. After development of an enhanced slant stack algorithm, it will be shown that the data of shot point 16 sufficienfiy satisfy this assumption. Because there are no assumptions about the number of layers or the vertical velocity distribution within layers, the slant stack method has the potential to produce a more detailed velocity function. In addition, the slant stack algorithm used does not require the picking of travel times. However, as with other methods, there will still be sensitivity to the signal to noise ratio in the data. The detailed velocity functions presented in this paper have been interpreted from an envelope of velocity functions imaged by the slant stack method. The velocity function and its envelope provide constraints on the geologic interpretation.
DEVELOPMENT OF THE SLANT STACK ALGORITHM
The first step of imaging a velocity versus depth function is the calculation of the slant stack. A slant stacking algorithm starts with a time versus offset (T-X) data set, either in common midpoint, common shot point, or common receiver format. By a linear process related to the radon transform, the data are transformed into a x-P wave field, where P = dt/dx is the ray parameter and t is the intercept time [Chapman, 1981] . In a T-X wave field, every ray parameter represents a different slope through the wave field. Thus each P trace in the x-P wave field represents the stack of T-X data along a unique slope for a series of intercept times.
Slant stacks are usually performed using equal increments of ray parameter, which yields a plot of x versus P. The x versus velocity function can be obtained from this plot since the ray parameter is the reciprocal of horizontal velocity. However, there can be a problem when analyzing data for higher velocities. As the ray parameter becomes smaller (higher velocities), each equal step in ray parameter is a larger step in velocity. This results in a lack of sampling of the faster portions of the velocity function when using equal increments of ray parameter. For example, between P = 0.15 s/lcm and P = 0.05 s/lcm, the change in velocity is 13.3 km/s, whereas between P = 0.35 s/lorn and P = 0.25 s/lcm, the change in velocity is only 1.14 km/s. Plappert [1987] and Jardine [1988] , as well as Lutter and Nowack [this issue], have shown that the majority of the Ouachita crustal section has velocities in excess of 5.0 km/s (P 0.20 s/km). Therefore, in order to sample adequately these velocities, slant stacks in this study are done in equal increments of velocity. The increased sampling of the faster parts of the velocity function by constant velocity increments allows for a more detailed interpretation of the final velocity-depth function.
The limit on the smallest justifiable increment of velocity is determined by the smallest increment of ray parameter and the fastest expected velocity in the data. 
In the time domain, the •(P,z) function is a moveout correction, and it acts as a direct map from x, the intercept time, to depth. The time domain method is more straightforward and requires less computing time than the frequency domain approach. In this study, the Clayton and McMechan [1981] process is used except that the wave field that is downward continued is a x-V wave field instead of a •-P wave field, which results in an Z-V wave field instead of a Z-P wave field. along the PASSCAL profile. Kruger and Keller [1986] modeled Bouguer gravity in a proErie parallel to the PASSCA[, data set but slightly to the west and also found that the crust lacked significant lateral heterogeneities in this region. Given these forward modeling results, the region beneath shot point gather 16 should sufficiently satisfy the lateral homogeneity assumption well enough for the slant stack wave field analysis to yield a valid one-dimensional velocity structure. Although these other studies have all depicted similar models, this study is important because it is a nonbiased method of extracting crustal velocity structure. The previous studies of the dato are all based at some point on the picking of arrival times. The slant stack method requires no picking of arrivals and should image more details of crustal velocity structure. It also provides valuable control on results obtained by travel time methods. However, as with other methods, there will be sensitivity to signal to noise ratio of the data.
APPLICATION OF SLANT STACK TO TH• PASSCAL
The combined northern and southern deployments of shot point 16 (see Figure 2) In addition to muting, another enhancement is to scale the input T-X seismograms by distance which counteracts the effects of geometrical spreading. A greater scaling would compensate for any attenuation as well. The lower sections of any deep velocity model are imaged by the far offset traces, where deep reflectors are postcritical. Scaling by a factor equal to or greater than offset distance enhances the amplitudes of these far-offset traces and increases the amplitudes of the deeper parts of the x curve. A value of X 1'3 (where X is offset distance) was selected for this study in order to equalize qualitatively the average amplitudes across the shot point gather. No attempt was made to tie this value into an average apparent attenuation value for the crust as this subject is beyond the scope of this study.
A third modification was made by stacking in equal increments of velocity instead of ray parameter, which enhances the imaging of the higher velocity parts of the model. The velocity increment selected for this study is 0.05 km/s, based on the analysis developed earlier. The resultant wave field, with these enhancements is an improvement over the initial wave field since the curve of maximum energy, or the x curve, is more clearly defined (see Figure 4) . Some interpretations of the slant stack can be made even before downward continuing the x-V wave field to depth. In the slant stack, straight lines in T-X, such as refractions, collapse into points in the x-V domain. Each interface should have a locus of energy on the x curve associated with a collapsed refraction and several of these loci are found on Maximum amplitude can be used to determine convergence in wave field data sets that have sufficiently high signal to noise ratio; however, the Ouachita data have a lower signal to noise ratio which forced a broadening of the definition of convergence. The definition of convergence used to obtain the f'mal downward continued wave field in Figure 5 [Roeder, 1973] . Although polarity of subduction is not clear, it is generally agreed that the slow sedimentation rates in the closing ocean basin ended in the Mississippian. This period was characterized by very rapid f'Rling of the basin with flysch and volcanic debris associated with subduction [Houseknecht, 19831. Subduction and contraction of the oceanic basin continued into the Pennsylvanian period, with even faster sedimentation rates than the Mississippian [Walper, 1977] . In the middle Pennsylvanian, North America collided with a southem landmass, which could have been an island arc complex, proto-South America or some exotic microcontinent [Houseknecht, 1983] 
CONCLUSION
The slant stack me__th_od can_ _be_ a powe•a! too! in deriving a velocity versus depth function for a data set that does not have significant lateral heterogeneity. There are three primary steps that have been used to enhance a standard slant stack algorithm. First, for all data sets, proper muting is important since the x curve used for downward continuation is composed only of postcritical reflections and refractions. Precritical reflections can serve a purpose in the downward continuation interpretation process because they will be flattened when the velocity smacture is correct [Clayton and McMechan, 1981] . If the data are noisy however, muting the precritical reflections along with the noise in that region of the wavefield will have much greater utility.
The second step which can be taken for data sets with very long offsets is to scale the amplitudes by a factor equal to or greater than offset distance, which will increase the energy in the deeper parts of the velocity function. If the factor is equal to offset distance, it will compensate for geometrical spreading only, and if it is greater than offset distance, it can also compensate for attenuation. In this study, a factor of X 1'3 (where X is offset distance) was used to qualitatively balance average amplitudes across the shot point gather.
For higher velocities in the model, slant stacking in equal increment• of velocity instead of ray parameter will image greater detail of a velocity function. When stacking in equal increments of ray parameter, many higher velocity details can not be imaged since for higher velocities, a small step in ray parameter is equivalent to a large increment in velocity. The change in velocity across some discontinuities will be smaller than the sampling interval, making interpretation of these interfaces very difficult using equal increments of ray parameter.
The enhanced slant stack algorithm based on Clayton and bIcbIechan [1981] was applied to shot point gather 16 of the PASSCAL Ouachita data set. The advantage of the slant stack method is that no picking of travel times is required as in other methods. Previous studies of the region have demonstrated that the structure beneath common shot point gather 16 is sufficiently laterally homogeneous to yield a meaningful velocity function using the slant stack method. However, as with other methods, there is sensitivity to signal to noise in the data. Previous velocity models are found to be consistent with the envelope of velocity functions imaged by the slant stack method. The locus of amplitudes within the x curve are used to constrain a more detailed velocity model. This detailed velocity function, composed of seven layers, was found to be similar to other velocity models calculated for this area. The first three layers of the slant stack model are associated with sediments of the gulf coastal plain and range in age from Triassic to Tertiary in age. The next and thickest layer is associated with upper Paleozoic rocks and with the closing of the proto-Gulf of Mexico as subducfion and orogenesis occurred. The fifth layer may have originated from siliceous pelagic sediments deposited in the sediment starved deep ocean of the prom-Gulf of Mexico. The determination of a more detailed velocity function from the slant stack velocity envelope suggests somewhat higher lower crustal velocities in the local crustal layer above the Moho. However, given the one-dimensional assumptions and signal to noise ratio of the data, the velocity envelope is the most important constraint on the velocity models and tectonic interpretation provided by the analysis.
